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® Preparation and uses of alphagiycosyi rutin. 



^0 Alpha-glycosyl rutin is fbnned at a high con- 
centration by allowing a saccharide-transferring en- 
Slzyme to act on a high-rutin content liquid in suspen- 
O^ion or solution to effect saccharide-transfer reaction. 

The resultant alpha-glycosyl nitin is easily recovered 
J^from the reacfion mixture by allowing it to contact 
COwith a synthetic macroreticular resin. Alpha-glycosyl 
^rutln is superior in water-solublWy, resistance to light 
and stabilrty to intact rutin, as well as having the 
physiological activities as Intact rutin has. Thus, 
'^'alpha-glycosyl mtin is favorably usabi as a yellow 



ing agent, quafity-improving agent preventive, rem- 
edy, uv-absorbent and deterioration-preventing agent 
In foods, beverages, tobaccos, cigarets. feeds, pet 
foods, pharmaceuticals for susceptive diseases, cos- 
metics including skin-refining agent and skin-whiten- 
ing agent, and plastics, in addition to the use in 
vitamin P-enriching agents. 
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PREPARATION AND USES OF ALPHA-GLYCOSYL RUTIN 



The present invention relates to the preparation 
and uses of alpha-glycosyl rutin. 

Rutin, whose chemical structure is given fc>elow, 
has been known as a yellow pigment and vitamin P 
with physiological activities such as stabilization of 
blood vessel, prevention of hemorrhage and regula- 
tion of blood pressure, and used from ancient 
times in foodstuffs, phanmaceuticals arKi cosmetics. 




Chemical structure of rutin 

It is known that vitamin P takes part In some 
physiological activities of vitamin C in vivo; for 
example, in the hydroxyiation of proline and lysine 
whk:h are necessary to synthesize collagen as the 
main element of living connective tissues: the 
oxidation-reduction reaction of cyrtochrome C 
wherein Fe***^ is reduced into Fe**; and in the 
immunopotentiation via the increase of leukocyte. 
These are because vitamin P plays a significant 
role in the maintenance and promotion of health in 
livirtg txxlies. 

Nowadays the use of rutin is not limited to 
agents which enrich vitamin P as a nutritive ele- 
ment but is extending in various applications. More 
particulariy. because of th chemical structure and 
physiological activities, r utin is useful a s a yeltow 
coloring agent and antioxidant alone or tncomMna- 
tion with one or mo re vitamins, f or example, in 
- foods! tsevecagi^iana'pharmaceub^^ for suscep- 
tive diseases such as preventive and remedy for 
drculatorv diseases, as well as a yellow coloring 



agent and uv-absort>ent in cosmetics such as skin- 
refining and skin-whitening agents. 

Rutin is, however, hardly soluble in water (only 
atM)ut 1g in 8 liters of water or about 0.01 w/v % at 

5 ambient temperature). This renders its practical use 
very difficult 

To improve this low water-solubility, some 
mettxKJs have been attempted. For example. Japa- 
nese Patent Publication No.1 ,677/50 disclose a 

10 method wherein aliphatic compounds witti amino 
groups are added to nitin for its increased water- 
solubility: Japanese Patent Publication No2.724y51, 
anottier method wherein monohalogeno acetic ac- 
ids are allowed to act on rutin to convert it into 

fs sodium nK>nohak)geno acetates having an ir)- 
creased water-solubility; and Japanese Patent Pub- 
lication No.1 ,285/54, one anottier mettiod wherein 
"Rongalit". a commerdalized sodium hydrox- 
ymetiiane, is allowed to act on rutin to convert it 

20 into sulfite compounds having an increased water- 
solubility. 

These methods have, however, the drawback 
that the use of amino compounds. morK>hak)geno 
acetic acids and sulfite compounds may result in 

25 an undesirable physiological activity and/or toxicity 
in final products, as well as rendering their purlfk»- 
tion very difficult 

We proposed a much safer solubilization meth- 
od in Japanese Patent Publication No.32,07a/79. 

30 wherein a bio-synthesis by saccharide-transferring 
enzyme is utilized to transfer equimolar or more 
glucose residues from a partial starch hydrolysate 
to mtin to fomn alpha-glycosyi rutin having an im- 
proved water-solubility. 

3S The alpfia-glycosyl rutin obtained by the meth- 
od woukl have an extensive use because it exhibits 
the same physiological activities as intact rutin 
does, and is free from toxicity, highly soluble in 
water, therefore easily handleable. Thus, the re- 

40 alization of alpha-glycosyl rutin has been in strong 
expectation. 

Since alpha-glycosyl rutin has many advan- 
tages as descrit>ed at>ove, its commercialization 
has been in great demand. 

45 However, the initial concentration for rutin, at- 
tainable by conventional method, is about 0.1 w/v 
% at most and tiiis extrem ly increases and 
wastes water and energy cost for the preparation 
and purification of alpha-glycosyl rutin. This is one 

50 of the major causes which have hindered the com- 
mercialization of alpha-glycosyl rutin. 

The present invention aims to overcome 
drawt>acks of conventional mettiods. We studied 
particularly reaction processes which provid an 

SM/%raoeArl tnitfal /v-irw'ontratirtfi fnr nitin sinH nil- 
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nfication processes for the resultant alpha-glycosyl 
rutin. 

As the result we found that alpha-glycosyl rutin 
is obtainable in a high yield by allowing a 
saccharide-transferring enzyme to act on a high- 
rutin content liquid which contains a high-concen- 
tration rutin together with an amylaceous sut>- 
stance. more particularly, by first preparing rutin 
into a high-concentration suspension or dissolving 
rutin at an alkaline pH or in an aqueous organic 
soh^ent into a high-concentra tion solution, in either 
case, to give an initial concentration for rutin of 
about 0.5 w/v % or higher, desirably, about 1.0- 
20.0 YiN % which is about 5-fblds or more, desir- 
ably, about 10-200-folds of that attainable by con- 
ventional method, then allowing a saccharide-trans- 
fem*ng enzyme to act on the higlvrutln content 
suspension or solution. 

We also found that an alpha-glycosyl rutin 
maintly composed of alpha-gtucosyl mtin and/or 
alpha-maltosyl rutin is obtainable in a high yield by 
first allowing a saccharide-transfening enzyme to 
act on a solution which contains rutin together with 
an amylaceous substance, then allowing amylase 
to act on the resultant mixture. 

We accomplished the present invention by fur- 
ther establishing the use of the alpha-glycosyl rutin 
obtained by these method, for example, in foods, 
beverages, pharmaceuticals for susceptive dis- 
eases, cosmetics and antioxidants. 

We reached still another finding that a reaction 
mixture containing alpha-glycosyl rutin can be easi- 
ly purified by allowing it to contact with a synthetic 
macroreticular resin, and fractioning the mixture by 
utilizing the difference in adsorbability: When tiie 
reaction mixture contains an organic solvent the 
alpha-glycosyl rutin can be purified similarly as 
above by decreasing the concentration of tiie or- 
ganic solvent and allowing the reaction mixture to 
contact witti a synthetic macroreticular resin. 

Thus, we confirmed that the process according 
to the invention extremely reduces and saves the 
water and energy required for the reaction and 
purification of alpha^lycosyl njtin. thus completely 
overcomes the drawl)adc of conventional method 
and extremely fadlitates tiie commercialization of 
alpha-glycosyl rutin. 



Detailed Description of tti Invention 



The rutin usable in tiie invention shall not be 
limited to ttiose in highly-purified fonn. For exam- 
pl . mixtures witti flavonoid glycosides such as 
dtronin, naringin and hesperidin, and intact and 
partially-purified extracts from plant tissues are 
<&iiitahlA. as Innn as thev contain rutin. 



Examples of such plant tissues are leaves and 
stems of buckwheat plant (Fagopyrum esculen- 
tum), eucalyptus and ginkgo tree (Ginkgo biloba) : 
^ka" or "kaibei", flower buds of Japanese pa- 

5 goda tree (Sophora japonica) ; flower buds of com- 
mon broom (Cytisus scoparius) ; and dtms foiits. 

The amylaceous sut>stances usable in the in- 
vention are those which permit a sacdiaride-trans- 
fening enzyme to act on rutin to form alpha- 

70 glycosyl rutin wherein equimolar or more glucose 
residues are bound to rutin. For example, partial 
starch hydrolysates such as amylose. dextrin, 
cyclodextrin and maltooligosaccharide, liquefied 
starch, and gelatinized starch is suitably chosen. 

75 Consequently to facilitate the formation of 
alpha-glycosyl rutin, it is recommendable to choose 
for particular saccharide-transferring enzyme an 
amylaceous substance having an adequate suscep- 
tivity thereto. 

20 For example, in the case of using alpha- 
glucosidase (EC 3.2.1^0) as the saccharide-trans- 
ferring enzyme, maltooligosaccharides such as 
maltose, maltotriose and maltotetraose are suitable, 
as well as partial starch hydrolysates having a DE 

25 (dextrose equivalent) in the range of atx)ut 10-70. 
When cyclomaltodextrin glucanotransferase (EC 
2.4.1.19) is used as the saccharide-transfem'ng en- 
zyme, gelatinized starches having a DE of below 1 
and partial starch hydrolysates having a DE up to 

30 about 60 are suitable, as well as cydodextrins. 
When alpha-amylase (EC 3.2.1.1) is used as tiie 
saccharide-transfening enzyme, gelatinized starch- 
es having a DE of below 1 and dextrins and partial 
starch hydrolysates having a DE up to about 30 are 

35 suitable. 

The concentration of such an amylaceous sub- 
stance during tiie reaction is set to a level which is 
about 0.5-50-fold higher tiian that of rutin. 

The wording "high-nitin content liquid" as re- 

40 fenred to in tiie invention means tiiose which con- 
tain a high-concentration rutin. For example, a solu- 
tion containing rutin at a high concentration which 
is obtainable by dissolving rutin at a pH exceeding 
7.0 or dissolving rutin In an aqueous organic sol- 

45 vent is suitable, as well as a suspenston which 
contains rutin at a high concentration. More particu- 
lariy. the wording means suspension and soluti n 
which have a rutin content of about 0.5 w/v % or 
higher, desirably, about 1.0-a).0 w/v %. 

50 The organic soh^ents usabi in the present 
invention are those which increase the solubility of 
rutin as compared to that in water. For example, 
water-miscible tower alcohols and ketones such as 
methanol, ethanol, n-propanol, isopropanol, n-bu- 

55 tanol, -ACETOL® (1-hydroxyl-2-pn3panone)" and 
acetone are suitable. 

The concentration of such an organic solvent is 
set to a level which gh/es the possible highest 
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concentration for rutin and promotes the formation 
of alpha-glycosyl rutin, but insolubinzes bdth 
amylaceous sut)stanc8 and saccharide-transferring 
enzyme as fittie as possible; usually, about a-70 v/v 
%. desirably, about 5-60 v/v %. 

To fadlitate dissolution to the possible highest 
concentration, a solution which is obtainable by 
dissolving rutin in an aqueous alkaline solution 
such as those of sodium hydroxide and ammonia is 
mixed with an aqueous organic solvent and neutral* 
ized, prior to the saccharide-transfer reaction. 

The saccharide-transfem'ng enzymes usable in 
the present invention are those which form alpha- 
glycosyl rutin without decomposing rutin when al- 
lowed to act on a high-rutin content liquid which 
additionally contains an amylaceous substance 
having an adequate susceptivity to the enzyme. 

Bcamples of such a saccharide-transfening en- 
zyme are alpha-glucosidases derived from animal 
and plant tissues such as pig lever and buckwheat 
seed, and from a culture obtainable by cuHh^ng 
in a nutrient culture medium microorganisms in- 
cluding bacteria. moMs and yeasts, for example, 
those of the genera Mucor . Penicilfium and Sac- 
charomyces; cyclomaltodextrin glucanotransferases 
derived from a culture of bacteria such as those of 
the genera Bacillus and Klebsiella; and alpha- 
amylases derived from a culture of fungi such as 
those of the genus Aspergillus. 

Such a sacdiaride-transfening enzyme should 
not necessarily be purified prior to its use. as long 
as it fulfills the above requirements. Generally, the 
present invention Is feasible with a crude enzyme. 

If necessary, saccharide-transfening enzyn^es 
can be purified by conventional method, prior to its 
use. Of course, commercialized saccharide-trans- 
fening enzymes can be used in the invention. 

In the course of the reaction, the pH and tem- 
perature are set to a level where a saccharide- 
transferring enzyme forms alpha-glycosyl rutin; 
usually, at a pH in the range^ of 3-10 and a tem- 
perahjre in the range of 10-90* C. 

The amount of saccharide-transferring enzyme 
and reaction time are closely dependent each oth- 
er. With an economical viewpoint saccharide-trans- 
fem'ng enzyme is used in an amount which com- 
pletes the reaction within about 5-80 hours. 

Immobilized sacdiaride-transfem'ng enzymes 
can be suitably used batchwise and in continuous 
manner. 

If necessary, alpha-glycosyl rutin can be pro- 
duced by cuKuring a microorganism capable of 
producing a saccharide-transferring enzyme in a 
nutrient culture medium which contains rutin fo- 
gettier with an amylaceous substance, or incubat- 
- ing in such a nutrient culture medium an animal- or 
plant-tissue which contains a saccharide-transfer- 
rina enzvme. 



The present invention is feastbl witii any reac- 
tion process, as tong as it contains the step of 
alkming a saccharide-transferring eruyme to act on 
a high-rutin content liquid. 

5 For example, in case that rutin is allowed to 
react at a high concentration in suspension, a high- 
rutin content liquid which contains about 0.5 w/v % 
or more, desirably, about 1.0-5.0 w/v % of rutin 
togettier with an appropriate amount of an 

10 amylaceous substance is subjected to a 
saccharide-transferring enzyme while keeping the 
pH to about 4.5-6.5 and the temperature to ttie 
possible highest level where the enzyme is active, 
in particular, in the range of about 70-90 *C. Thus. 

IS as ttie conversion into alpha-glycosyl rutin pro- 
ceeds, ttie rutin in suspension gradually disso^es 
to prompfly and readily form alpha-glycosyl rutin 
species such as alpha-glucosyl rutin, alpha-mal- 
tosyl rutin, alpha-maltotriosyl mtin, alpha-mal- 

20 totetraosyl rutin, alpha-maltopentaosyl rutin and 
alpha-maitohexaosyl rutin at a high concentration. 
We confirmed that at ambient temperature flie so- 
lution obtained in this way usually contains a large 
amount of alpha-glycosyl rutin and a small amount 

25 of tiie remaining rutin, and the total amount 
reaches about 0.5 w/v % or more, desirably, up to 
about 1 .0-5.0 w/v % when calculated as rutin. 

For example. In case that rutin is allowed to 
react at a high concentration in solution, a high- 

30 mtin content liquid whidi is obtainable by first 
dissolving about 0.5 w/v % or more, desirably, 
about 1.0-5.0 w/v % rutin in water at a pH exceed- 
ing 7.0. in particular. pH 7.5-10, by heating, tfien 
dissolving in the resultant solution an appropriate 

as amount of an amylaceous substance is subjected 
to a saccharide-transferring enzyme while kee(»ng 
botti pH and temperature to the possible highest 
levels where the enzyme is active, in particular, at 
a pH in ttie range of about 7.5-10.0 and a tempera- 

40 ture in tiie range of about 50-aO*C. Thus, alpha- 
glycosyl rutin is readily formed at a high concentra- 
tion. In this case, since mtin tends to readily de- 
compose in an alkaline solution, desirably, the liq- 
uid is kept under light-shielding and unaembic con- 

45 ditions in order to prevent the decomposition. 

We confinmed tiiat at ambient temperature flie 
solution obtained in tills way usually contains a 
large amount of alpha- glycosyl rutin and a small 
amount of the remaining rutin, and the total amount 

so reaches ebouX 0.5 w/v % or more, desirably, about 
1.0-10 w/v % when calculated as rutin. 

For example, in case tiiat rutin is allowed to 
react In a high-concentration solution in an aqueous 
organic solvent, a solution which is obtainable by 

55 dissohnng rutin in an organic solvent by heating is 
mixed with an amylaceous sut>stance in aqueous 
solution, and then added witti a saccharide-trans- 
fening enzyme. /Vltematively, rutin and an 
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amylaceous substance are dissolved in an aqueous 
organic solvent by heaKng. and the resultant solu- 
tion is cooled to a prescribed temperature and 
added with a saccharide-transfening enzyme. 

We cooflrmed that the solution obtained in this 
way usually contains a large amount of alpha- 
glycosyl rutin and a small amount of the remaining 
rutin, and the total amount reaches up to about 1.0- 
10 w/v % when calculated as nitin. 

Alpha-glycosyl rutin can be formed at a high 
concentration similarly as above by the combina- 
tion of two or more procedures; for example, by 
first keeping at a pH in the range of about 7.5-10.0 
and a temperature In the range of 50-80* C a high- 
rutin content liquid which contains in suspension an 
about 2.0-20.0 w/v % nrtin together with an appro- 
priate amount of an amylaceous substance, then 
subjecting the liquid to a saccharide-transfenring 
enzyme. 

Also alpha-glycosyl rutin can tie readily formed 
at a high concentration by dissolving rutin in a 
strongly alkaline aqueous solution, for example, 
about 0.1-1 .ON aqueous solutions of sodium hy- 
droxide, potassium hydroxide, sodium carbonate, 
calcium hydroxkle and ammonia, to give a con- 
centration of about 5.0-20.0 w/v %; adjusting the 
resultant solution with an aqueous solution of an 
acid such as hydrochloric acid and sulfuric acid to 
a pH revel where a saccharide^ransferring enzyme 
is active; adding an amylaceous substance to the 
solution; and promptly subjecting the solution to 
the enzyme, hi this case, since the pH adjustment 
in an aqueous acidic solution tends to cause sedi- 
mentation in a high-rutin content solution, desirably^ 
the saccharide-transfer reaction is initiated while 
suppressing the sedimentation by adding an 
amylaceous sut>stance and/or a small amount of 
alpha-glycosyl rutin, prior to the pH adjustment We 
confirmed that at ambient temperature and approxi- 
mately neutral pH the solution obtained in this way 
usually contains a large amount of alpha^glyoosyl 
rutin and a small amount of the remaining rutin, 
and the total amount reaches up to about 6.0-20.0 
w/v % when cateulated as rutin. 

If necessary, in order to increase the solubility 
of rutin to fadlitate the saccharide-transfer reaction 
ttiereto. one or more water-misdble organic sol- 
vents, for example, lower alcohols and ketones 
such as methanol, ettianol, n-propanol. isopropanol, 
n-butanol, ACETOL and acetone, can be favorably 
added to a high-nitin content liquid, prior to flie 
reaction. 

As mentioned above, we confinmed that ttie 
process according to ttie invention increases tiie 
initial concentration for rutin to a I vel which is 
about 5-fold or much higher, desirably, about 10- 
200-fbki higher ttian ttiat attainable by conventional 
^^■M*^ 4hSe fskriiitafAje thA fhitnAtion of dloha- 



glycosyl rutin at a high concentration. 

More particularly, on ttie completion of the 
reaction, the reaction mixture contains in solution a 
large amount of alpha-glycosyl rutin and a small 

5 amount of the remaining rutin, arwJ the total amount 
is about 0.5 w/v % or more, desirably, up to about 
1.0-20.0 w/v % when calculated as rutin, which is 
about 5-fold or much higher, preferably, about 10- 
200 fold or much higher than ttiat attainable by 

TO conventional method. 

The alpha-glycosyl rutin having a relatively 
high molecular weight, fomied by ttie saccharide- 
transfer reaction, is partially hydrolyzable witti an 
amylase such as glucoamylase (EC 3.2.1.3) and 

75 beta-amylase (EC 3.2.1 2) intact or after purification 
witti a synthetic macroreticular resins. Such hy- 
drolysis adequately reduces the polymerization de- 
gree of alpha-D-glucosyl moieties in ttte alpha- 
glycosyl rutin. For example, glucoamylase 

20 hydrolyzas alpha-maltosyl rutin and higher pro- 
ducts to accumulate glucose and alpha-glucosyl 
rutin, while beta-amylase hydrolyzes alpha-mal- 
totriosyl rutin and higher products to accumulate 
maltose and a mixture which is mainly composed 

25 of alpha-glucosyl and alpha-maltosyl rutins. 

The reaction mixture thus obtained may be 
prepared into final products wittiout no furttier spe- 
cial treatment Usually, ttie reactk>n mixture Is fil- 
tered and concentrated into a syrupy product which 

30 is. if necessary, dried and prepared into a powd ry 
product 

In addition to the use in vitamin P-enriching 
agent ttie products are favorably usable as a 
highly-safe, natural yellow coloring agent antiox- 

35 idant stabilizer, fading-preventing agent quality- 
improving agent, preventive, remedy, uv-absoriaent 
deterioration-preventing agent in foods, beverages, 
tobaccos, cigarets, feeds, pet foods, pharmaceut- 
icals for susceptive diseases, cosmetics and plas- 

40 tics. 

In case ttiat a purified alpha-glycosyl rutin 
product is needed, alpha-glycosyl rutin and con- 
taminants including amylaceous substances ar 
separated by utilizing tiie difference in adsorbability 

45 to a synthetic macroreticular resin. 

The wording "synttietic macroreticular resin" 
as referred to in the invention means non-ionic, 
porous, synthetic resins which provide a large ad- 
sorptiv area, such as styrenedivinylbenzen 

50 copolymer, phenol-formaldehyde resin, acrylic res- 
in and mettiacrylate resins. Examples such as such 
a resin are "Amberlrte XAD-r, •AmbertHe XAD-2-. 
•Amberilte XAIM". "AmberiitB XAD-7", "Amberilte 
XAD-8", "Amberiite XAD-ir and "Amberiite XAD- 

55 12". products of Rohm & Haas Company, Philadel 
phia, USA: "Diaion HP-10", "Diaion HP-20". 
"Diaion HP-30", "Diaion HP-40" and "Diaion HP- 
50". products of Mitsubishi Chemical Industries 
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Ud.. Tokyo, Japan; and "fmac Syn-42", "Imac 
Syn-44" and "Imac Syn-46", products of Industrie 
de Maatshappily activate Amsterdam. Nether- 
lands. 

The purification process according to the In- 
vention contains the step of applying a reaction 
mixture containing alpha-glycosyl rutin, for exam- 
pie, to a column of a synthetic macroreticular resin 
so that the column adsorbs the alpha-glycosyl rutin 
and a relatively small amount of the remaining 
rutin, while large amounts of an amylaceous sub- 
stance and water-soluble saccharides flows out 
through the column without causing adsorption. 

Particularly In case that a reaction mixture con- 
tains an organic solvent, alphsegiycosyl rutin can 
be purified similariy as above by first decreasing 
the concentration of the organic solvent then allow- 
ing the reaction mixture to contact with a synthetic 
macroreticular resin such ttiat it adsoribs the alpha- 
glycosyl rutin and remaining rutin. 

If necessary, after completion of the 
saccharide-transfer reaction but t>efore treatment 
with a synthetic macroreticular resin, the reaction 
mixture can be treated by one or more methods; 
for example, a method wherein the reaction mixture 
Is heated and tiie insolubllized substances are re- 
moved by filtration; anotfier method wherein the 
reaction mbcture is treated, for example, with either 
magnesium alumino silicate hydrate or magnesium 
aiuminate to adsorb the proteinaceous substances 
for their removal; and one another method wherein 
the reaction mixture is deionized witti a strongly- 
acidic ion exchange (H-form) and/or a neutral or 
slightiy-alkaline ion exchange (OH-form). 

A column of a synthetic macroreticular resin on 
which alpha-glucosyl rutin and a relatively small 
amount of tiie remaining rutin are specifically ad- 
sort)ed are washed with a diluted alkali or water, 
and then applied with a relatively small amount of 
an organic soh/ent or mixture wHh water, for exam- 
ple, aqueous methanol and aqueous ethanoL Thus, 
the alpha-glycosyl rutin first elutes. while the intact 
rutin can be eluted by continuing the application or 
increasing the concentration of the organk: soWent 

The obt^ned eluate rich in alpha-glycosyl rutin 
is distilled to remove the organic solvent and con- 
centrated to an adequate level. Thus, one can 
obtain a syrupy product mainly composed of alpha- 
glycosyl rutin. Subsequent drying and pulverization 
of the product yield a powdery product mainly 
composed of alpha-glycosyl rutin. 

The elution operation using organic solvents 
simultaneously regenerates synthetic macro- 
reticular resins, and this enables its repeated use. 

The purification process using synthetic macro 
reticular resins is characteriz d in that it can re- 
move, in addition to amylaceous substances and 
water-soluble saccharides, other concomitants in- 



cluding water-soluble salts. 

The alpha-glycosyl nitin thus obtained is char- 
acterized by: 

(1) It Is superior in water-solutiliby to intact 

5 rutin. 

(2) It is higher in resistance to light and 
stability than intact rutin. 

(3) It has a strong antioxidant activity. Be- 
cause of this, it is favorably usable as an antiox- 

10 idant in fatty foodstuffs, and phamnaceuticals for 
susceptive diseases and cosmetics containing oils 
and fats to prevent their oxidation. Particulariy 
when used in pharmaceuticals, alpha^lycosyl rutin 
acts as an antioxidant to eMbit activities of remov- 
es ing activated oxygen and suppressing the fbnna- 
tion of lipoperoxides. and this is convenient in the 
prevention and treatment of susceptive diseases 
and also In ttie maintenance and promotion of 
health. Unlike conventional antioxidants such as 
20 vitamin E and vitamin C, alpha-glucosyl rutin is 1 
substantially odoriess and tasteless, and usable I 
witiiout fear of causing undeslred coloration, brown- \ 
ing and unpleasant odor. 

(4) It is hydrolyzable into rutin and glucose 
25 by the in vivo enzyme system to exert the phys- 
iological activity inherent to rutin, in particular, vita- 
min P activity. Combination with vitamin C aug- I 
ments the physiological activities of both vitamins, u— J 

(5) When an alpha-glycosyl rutin product ad- 
30 ditionaily contains an amylaceous sut>stance. the 

alpfia-glycosyl rutin component exhitrits its inherent 
activities, while the amylaceous substance exhibits 
shape-imparting, filling and sweetening activities. A 
product free from amylaceous sut)stance is sut>- 
35 starrtially tasteless and odoriess, and exhibits the 
activity of alpha-glycosyl rutin without causing sub- 
stantial shape-imparting and increase in quantity. 
Thus, tiie product is freely usable In seasoning and 
flavoring. 

40 Because of these, alpha-glycosyl rutin can be 
favorably incorporated as a yellow coloring agent 
antioxidant, stabilizer, fading-preventing agent 
quality-improving agent uv-absort>ent preventive 
and remedy for susceptive diseases such as viral 

45 diseases, bacterial diseases, drculatory diseases 
and malignant tumors atone or in combination with 
one or more ingredients, desirably. In an amount of 
0.001 w/W % or more in foods, beverages, tobac- 
cos, cigarets. feeds, pet foods, pharmaceuticals for 

50 susceptive diseases, cosmetics such as skin-refin- 
ing agents and skin-whitening agents, and plastics, 
as well as in agents which are directed to nrich a 
highly safe, natural vitamin P. 

Since alpha-glycosyl nitin is highly resistant to 

55 add and heat and well harmonizes witti various 
substances which taste sour, salty, bitter, delldous 
and astiingent it can be favorably incorporated as 
a vitamin P-enriching agent yellow coloring agent 
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antioxidant, quality-improving agent and stabilizer 
in foods and be\^Brages In general, for xampte. 
seasonings such as soy sauce, say sauce powder, 
miso, miso powder, "moromi", "hishio", "furiloke", 
mayonnaise, dressing, vinegar, "sanbal-zu", 
"funmatsu-sushi-su". "chuka-no-moto", "tentsuyu 
(soup for tenpura)", "mentsuyu (soup for 
Japanese-style noodles)", Worcester sauce, 
ketchup. "yaWniku-no-tare (soup for grilled meat)", 
cunry roux, stew premix, soup premix, "dashi-no- 
moto", mixed seasoning, "mirin (heavily sweetened 
sake)", "shin-mirin (synthetic mirin)", table sugar 
and coffee sugar, Japanese-style confectioneries 
such as "senbei (rice crackers)", "arare (pellet- 
shaped senbei)", "okoshi (millet-and rice cracker)", 
"karinto (fried dough cookie)", "gyuhi (starch 
paste)", rice paste, "manju (bun with a bean-jam 
filling)", "uiro (sweet rice jelly)", "an (bean jam)", 
"yokan (sweet jelly of beans)", "mizu-yokan (soft 
adzukl-bean jelly)". "Wngyoku*. jelly, castella and 
"amedama (Japanese-style toffee)"; Western-style 
confectioneries such as bun, biscuit, cracker, cook- 
ie, pie. pudding, cream puff, waffle, sponge cake, 
doughnut chocolate, chewing gum, caramel and 
candy: ice cream and shertjet syrups such as 
those for fruit preserve and "kaki-gori (shaved Ice)- 
spreads and pastes such as butter cream, cus- 
tard cream, flour paste and fruit paste; processed 
fruits such as jam. marmalade, fruit syrup and 
preserved fruit processed foods such as those of 
fruits and vegetables; cereals such as bdkery prod- 
uct noodle, vermicelli, txnled rice and synthetic 
meat fatty food substances such as salad oil and 
margarine; pickled products such as "fukujln-zuke 
(sliced vegetables pk:ted in soy sauce)", "bettara- 
zuke (fresh radish pickles)", "senmai-zuke" and 
"rakkyo-zuke (pickled shallots)"; premixes for pick- 
led products such as "takuan-zuke-no-moto" and 
"hakusai- zuke-no-moto"; meat products such as 
ham and sausage; fish meat products such as fish 
meat ham. fish meant sausage, "kamaboko (boiled 
fish paste)", "chikuwa (fifBrdly bamboo wheels)" 
and "hanpen"; relishes such as "uni-no-shiokara 
(salted guts of sea urchin)", "ika-no-shiokara 
(salted guts of squid)", "su-konbu", "saW-surume" 
and "fugu-no-mirinboshi"; "tsukudani (food boiled 
down In soy sauce)" such as those of "nori (dried 
seaweed)", "sansai (mountain vegetables)", 
"surume (dried squid)",- small fish and shellfish; 
dally dishes such as "nimame (cooked beans)", 
potato salad, "konbu-maki (tangle roll)" and 
"tenpura (deep-fried foods)"; egg and milk pro- 
ducts such as "Whshi-tamago", milk bevmge, but- 
ter and cheese; bottled and canned products such 
as those of meat, fish meat fruit and vegetable; 
alcoholic drinks such as synttietic sake, "zojo-shu". 
liqueur, wine and whisky; beverages such as cof- 
foA iiiirA. rarhonated bev raae. lactic add 



beverag and lactot>acil]us beverage; premixes and 
Instant foodstuffs such as pudding premix, hot cake 
premix. instant juice, instant coffee and "sokuseki- 
shiruko (premix of adzukhtean soup with rice 

5 cake)". Furthermore, alpha-glycosyl rutin can be 
favorably incorporated as a vitamin P-enriching 
agent antioxidant arxJ taste-improving agent in 
feeds and pet foods for domestic animals and 
poultries including pet animals such as honey bee, 

70 silkworm and pet fish. 

In additkm to the use as a uv-absort)ent and 
deterioration-preventing agent for plastics, alpha- 
glycosyl rutin can be favorably incorporated in to- 
baccos, cigarets. pharmaceuticals including pre- 

75 ventlve and remedy for susceptive diseases, and 
cosmetics including skin-refining agent and skin- 
whitening agent in solid, paste or Tiquid; for exam- 
ple, tobacco, dgaret troche, cod-liver oil drop, 
vitamin composition, oral refreshing agent cachou, 

20 gargle, intubation feeding, internal medicine, injec- 
tion, dentifrice, lipstick, lip cream and sun-screen- 
ing. 

The wording "susceptive diseases" as referred 
to in the invention means those which are pre- 

25 vented and/or treated with alpha-glycosyl rutin; for 
example, viral diseases, bacterial diseases, trau- 
matic diseases, immunopathies. rheumatism, dia- 
betes, drculatory diseases and malignant tumors. 
The shape and form of pharmaceuticals for 

30 susceptive diseases can be freely chosen to meet 
to their final use; for example, liquid pharmaceut- 
icals such as nebula, collyrium, collunarium, col- 
lutory and injection, paste pharmaceuticals such as 
ointment cataplasm and cream, and solid phar- 

35 maceuticals such as powder, granule, capsule and 
tablet 

In the preparation of such a pharmaceutical, 
one or more ingredients, for example, remedy, 
biologically-active suk>stance. antibiotic, adjuvant 
40 filler, stabilizer, cotoring agent and flavoring agent 
can be suitably used in combination, if necessary. 

The dose is adequately changed dependent on 
the alpha-glycosyl rutin content administration 
route and administration frequency; usually, about 
45 0.001-50.0g/day/adult as alpha-glycosyl nitin. 

Cosmetics can be prepared similarly as in 
pharmaceuticals. 

In use. alpha-glycosyl rutin is incorporated in 
products by conventional method, for example, 
50 mixing, kneading, dissolving, soaking, permeating, 
spreading, applying, spraying and injecting, before 
completion of their processing. 

The following xperiment will demonstrate the 
non-toxicity of the alpha^lycosyl rutin of tiie inven- 
55 tion. 



Experiment 
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An alpha-glycosy] rutin specimen, obtained by 
the method in Example A-3, was orally admin- 
istered to 7 week-old dd mice for acute toxicity 
test As the result, no mouse died when admin- 
istered with up to 5g alpha-gtycosyl nitin. and 
higher dose was difficult 

These confirmed that the specimen was ex- 
tremely low in toxicfty. 

Another alpha-glycosyl rutin specimen, oth 
tained by the method in Example A-2. was tested 
similarly as above to obtain the same result con- 
firming that the toxicity of this specimen was ex- 
tremely low. 

The following Examples A and Examples B will 
illustrate the preparation and uses of alpha-glycosyl 
rutin respectively. 

Example A-1 



Alpha^lycosyl rutin 

Three parts by weight of rutin and 15 parts by 
weight of dextrin PE 18) were mixed in 97 parts 
by weight of 80*C water to obtain a high-rutin 
content liquid which was then added with 20 units/g 
dextrin of cydomaltodextrin glucanotransferase de- 
rived from Bacillus stearothermophllus. commer 
daiized by Hayashibara Biochemical. Inc., 
Okayama, Japan, and allowed to react for 64 hours 
under sGrring conditions while keeping the lk)uid at 
pH 6.0 and75*C. 

Paper-chromatographic analysis of the reaction 
mixture revealed that about 85% of the rutin was 
converted into alpha-glycosyl rutins such as alpha- 
glucosyl rutin, alpha-maltosyl rutin, alpha-mal- 
totriosyl rutin, alpha-maltotetraosyi mtin and alphar 
maltopentaosyl rutin. 

Thereafter, the reaction mixture was heated to 
inactivate the remaining enzyme and filtered, after 
which the filtrate was concentrated to obtain an 
alpha-glycosyl rutin syrup additionally containing 
an amylaceous sut)stance in the yield of at>out 
90% aga'nst the weight of tiie starting materials, on 
the dry solid basis (d.s.b.). 

The product is favorably usable as a highly- 
safe, natural yellow coloring agent, antioxidant sta- 
bilizer, fading-preventing agent quality-improving 
agent, prev ntive. remedy and uv*absoritent in 
foods, beverages, tol)accos. ctgarets. feeds, pet 
foods, pharmaceuticals for susceptive diseases, 
cosmetics and plastics, in addition to the use in an 
agent directed to enrich a highly water-soluble vita- 
min P. 



Examole A-2 



Alpha-glucosyl rutin 

One part by weight of an alpha^ilycosyi rutin 
syrup additionally containing an amylaceous sub- 

5 stance, obtained by the method in Example A-1. 
was dissolved in 4 parts by weight of water, and 
the solution was adjusted to pH 5.0. added with 
100 untts/g synjp solid of glucoamylase (EC 
3.2.1.3) commercialized by Seikagaku-Kogyo Co., 

10 Ltd.. Tokyo. Japan, and allowed to react at 50*C 
for 5 hours. 

Paper-chromatographic analysts of the reaction 
mixture revealed that the alpha-glycosyl rutin was 
converted into alpha^lucosyi rutin. 

IS Thereafter, the reaction mixture was heated to 
inactivate the remaining enzyme and filtered, after 
which ttie filtrate was applied to a column of "HP- 
10". a synttietic macroreticuiar resin commercial- 
ized by Mitsubishi Chemical Industries Ltd., Tokyo, 

20 Japan, at a flow rate of SV 2. As tiie result the 
re^n adsort>ed the alpha-glycosyl rutin and remain- 
ing rutin both present in the reaction mixture, while 
the glucose and salts flew out through the column 
without causing adsorption. The column was flien 

25 washed witii water and applied with an aqueous 
etiianol having a stepwisely increasing concentra- 
tion to collect fractions rich in aipha^iucosyl rutin 
which were then concentrated in vacuo and pulver- 
ized to obtain an alpha-glucosyl rutin powder in the 

30 yield of about 80% against the weight of the start- 
ing materials, d.s.b. 

Acid hydrolysis of ttie alpha-glucosyl rutin 
yiekled 1 mole of quercetin, 1 mole of L-rhamnose 
and 2 moles of D-glucose, while an alpha- 

35 glucosidase. obtained by extraction from pig liver 
and partial purification, hydrolyzed the alphar 
glucosyl rutin into rutin and D-glucose. 

The product is favorably usable as a yellow 
coloring agent, antioxidant stabilizer, fading-pre- 

40 venting agent quality-improving agent preventive, 
remedy and uv-absort)ent in foods, beverages, to- 
baccos, cigarets and pharmaceuticals for suscep- 
tive diseases, in addition to the use in an agent 
directed to enrich a highly-purified, readily water- 

45 soluble vitamin P. 



Example A-3 

50 

Alpha-glycosyl rutin 

Four parts by weight of rutin was dissolved at 
pH 9.5 In 90 parts by weight of water by heating. 
55 and the solution was mixed with anottier mfocture 
which was separately prepared by dissolving 20 
parts by weight of dextrin (DE 8) in 10 parts by 
weight of water by heating. The obtained high-rutin 
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content liquid in solution was added wHh 30 units/g 
dexirin of cyclomaltodextrin glucanotransferase. 
and allowed to react for 40 hours under stining 
conditions wtiile keeping the liquid at pH a2 and 
65* C. 

Paper-chromatographic analysis of the reaction 
mixture revealed that about 90% of the rutin was 
converted Into alpha-glycosyl rutin. 

Thereafter, the reaction mixture was heated to 
inactivate the remaining enzyme and filtered, after 
which the filtrate was applied to a column of 
"Amberlite XAD-7", a synthetic macroreticular resin 
commercialized by Rohm & Haas Co.. Philadelphia. 
USA. at a flow rate of SV 1.5. 

As the result, the column adsort)ed the alpha- 
glycosyl rutin and remaining rutin both present in 
the reaction mixture, while the dextrin, oligosac- 
charides and salts flew out through the column 
without causing adsorption. 

The column was then washed with water and 
applied with 50 v/v % aqueous etiianol to elute 
both alpha-glycosyl mtin and intact rutin which 
were then concentrated In vacuo and pulverized to 
otJtaIn an alpha-glycosyl rutin power in the yield of 
about 140% against the weight of the starting start- 
ing rutin. d.s.b. 

The product is favorably usable as a yellow 
coloring agent, antioxidant, stabilizer, fading-pre- 
venting agent, quality-improving agent preventive, 
remedy, uv-absort)ent and deterioration-preventing 
agent In foods, beverages, tobaccos, dgarets, 
feeds, pet foods, phamnaceuticals for susceptive 
diseases, cosmetics and plastics, in addition to the 
use in an agent directed to enrich a highly-purified, 
readily water-soluble vitamin P. 



Example A-4 



Alpha-glycosyl rutin 

One part by weigfit of rutin was dissolved with 
4 parts by weight of IN sodium hydroxide solution, 
neutralized by tiie addition of 0.01 N hydrochloric 
acid solution, added witti 5 parts by weight of 
dextrin (DE 10). quiddy added with 10 units/g dex- 
trin of cyclomaltodextrin glucanotransferase, and 
allowed to react for 40 hours while keeping the 
mixture at pH 6.0 and 70* C. 

Paper-chromatographic analysis of ttie reaction 
mixture revealed ttiat about 80% of the rutin was 
converted Into alpha-glycosyl rutin. 

The reaction mixture was purified, concentrated 
and pulverized similariy as in Example A-3 to ob- 
tain an adpha-glycosyl rutin powder in tfie yield of 
about 120% against the weight of tiie starting rutin, 

Heh 



Similarly as the product in Example A-3. the 
product is feasible as a highly-safe, natural yellow 
coloring agent antioxidant stabilizer, fading-pre- 
venting agent quality-improving agent preventive. 
5 remedy and uv-al)sort3ent in various uses, in addi- 
tion to ttie use in an agent directed to enrich a 
highly-purified, readily water-soluble vitamin P. 



70 Example A-5 



Alpha-glycosyl rutin 

75 

Example A-5(1) 



Preparation of aipha-glucosidase 

20 

Mucor javanicus IFO 4570 was inoculated and 
cultivated at 30 C for 44 hours under aeration- 
agitation conditions in 500 parts by weight of a 
liquid culture medium which con tained water to- 

25 gettier with 4.0 w/v % maltose. 0.1 w/V % potas- 
sium phosphate monobasic. 0.1 w/v % ammonium 
nitrate, 0.05 w/v % magnesium sulfate, 0.05 w/v % 
potassium chloride. 02 w/v % polypeptone and 1 
w/v % calcium cartK)nate which had been sterilized 

30 by heating and sterilely added to the water Imme- 
diately before tiie innoculation. 

After completion of the cultivation, the myc lia 
was collected from the culture, added with 500 
parts by weight of 4M urea in 0.5M acetate buffer 

35 (pH 5.3) per 48 parts by weight of tiie wet mycelia, 
allowed to stand at 30* C for 40 hours and cen- 
trifuged. The supernatant was dialyzed against 
flowing water overnight added with ammonium sul- 
fate to 0.9 saturation, and allowed to stand at 4 C 

40 overnight after which ttie resultant sediment was 
collected, suspended in 50 parts by weight of 
0.01 M acetate buffer (pH 5.3) and centrifuged. Th 
supernatant was used as an alpha-glucosidase 
specimen. 

45 

Example A-5(2) 



50 Preparation f alpha-glycosyl rutin 

Five parts by weight of rutin was dissohred in 
40 parts by weight of 0.5N sodium hydroxide solu- 
tion by heating, adjusted to pH 9.5. and mixed with 
55 another solution which had been prepared by dis- 
solving 20 parts by weight of dextrin (DE 30) in 10 
parte by weight of water by heating. The obtained 
hiah-rutin content liquid in suspension was added 
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with 10 parts by weight of an aipha-glucosidase 
specimen obtained by the method m Example A*5^ 
(1), and allowed to react for 40 hours under stining 
condition while keeping the liquid at pH 8.5 and 
55* C. 

Paper-chromatographic analysis of the reaction 
mixture was revealed ttiat about 60% of the rutin 
was converted into alpha-glycosyl rutin. 

Thereafter, the reaction mixture was purified, 
concentrated and pulverized similarty as in Exam- 
ple A-3 to obtain an alpha-glycosyl rutin powder in 
ttie yield of about 110% against ttie weight of the 
starting rutin, d.s.b. 

Similarly as the product in Example A-3. tiie 
product is feasible as a highly-safe, natural yellow 
coloring agent antioxidant stabilizer, fading-pre- 
venting agent quality-improving agent preventive, 
remedy and uv-al>sorbent in various uses, in addi- 
tion to the use in an agent directed to enrich a 
readily water-soluble vitamin P. 



Bcample A-6 



Alpha-glycosyl rutin 

One part by weight of rutin and 15 parts by 
weight of dextrin (DE 18) were dissolved in 99 
parts by weight of 50 v/v % aqueous methanol 
prewarmed to 40'' C, and the solution was cooled 
to 25* C. added with 20 units/g dextrin of 
cyclomatodextrin gtucanotransferase commercial- 
ized by Hayashibara Biochemical Laboratories, 
Inc., Oicayama, Japan, adjusted to pH 6.0 and 
allowed to react for 72 hours. Paper-chromatog- 
raphic analysis of the reaction mixture revealed that 
atx>ut 80% of the rutin was converted into aipha- 
glycosyi rutins such as alpha-glucosyl rutin, alpha- 
maltosyl rutin, alphawaltotriosyl rutin, alpha-mal- 
totetraosyl rutin and alpha-maKopentaosyl rutin. 
Thereafter, the reaction mixture was concentrated 
in vacuo to distill out tiie mettianol, heated to 
Inactivate the remaining enzyme and filtered, after 
which the filtrate was concentrated to obtain an 
alpha-glycosyl rutin syrup additionally containing 
an amylaceous substance in the yield of about 
95% against tiie weight of the starting material, 
d.s.b. 

The product is fevoraUy usable as a highly- 
safe, natural yellow coloring agent antioxidant sta- 
bilizer, fading-preventing agent quality-improving 
agent, preventive, remedy and uv-absort)ent in 
foods, beverage, tobaccos, dgarets, feeds, pet 
foods, pharmaceuticals for susceptive diseases, 
cosmetics and plastics, in addition to the use in an 
agent directed to enrich vitamin P. 



BampI A-7 



Alpha'glucosyl rutin 

5 

One part by weight of an alpha-glycosyl nitin 
syrup additionally containing amylaceous sub- 
stances, prepared by the method in Example A'6 
witii a slight modification, was dis^lved in 4 parts 

10 by weight of water, added with 100 units/g syrup 
solid of glucoamylase (EC 3^1.3) commercialized 
by Toyobo Co., Ltd., Osaka, Japan, and allowed to 
react at 50* C for 5 hours. Paper-chromatographIc 
analysis of the reaction mixture revealed that the 

TS alpha-glycosyl rutin was converted into alpha- 
glucosyl rutin. 

Thereafter, the reaction mixture was heated to 
Inactivate the remsuning enzyme and filtered, after 
which the filtrate was applied to a column of "HP- 

20 10", a synthetic macroreticular resin commercial- 
ized by Mitsubishi Chemical Industries Ltd., Tokyo. 
Japan, at a Row rate of SV 2. As the result the 
resin adsort>ed ttie alpha-glucosyl rutin and remain- 
ing rutin both present in the reaction mixture, while 

25 the dextrin, oligosaccharides, glucose and salts 
flew out through the column without causing ad- 
sorption. The column was then washed with water 
and applied with an aqueous ethanol having a 
stepwisely increasing concentration to collect frac- 

30 tions rich in alpha-glucosyl rutin which were then 
concentrated in vacuo and pulverized to otrtain an 
alpha-glucosyFrutin powder in the yield of about 
80% against the weight of the starting rutin. d.s.b. 
Similarly as the product in Example A-2. the 

35 product is favorably usable as a yellow coloring 
agent, antioxidant, stabilizer, fading-preventing 
agent quality-Improving agent preventive, remedy 
and uv-absori3ent in foods, beverages, tobaccos, 
cigarets. pharmaceuticals for susceptive diseases 

40 and cosmetics, in addition to the use in an agent 
directed to enrich a highly-purified, readily water- 
soluble vitamin P. 



45 Example A-8 



Alpha^lycosyl rutin 

50 One part by weight of rutin was dissolved in 5 
parts by weight of 50 v/v % aqueous etiianoi by 
heating, and ttie solution was mixed with another 
solution which had been separately prepared by 
dissolving 10 parts by weight of d xtrin (DE 8) in 

55 45 parts by weight of water by heating. The mix- 
ture was added witti 10 units/g dextrin of cyclomaJ- 
todextrin gtucanotransferase, adjusted to pH 6.0 
and allowed to react at 50* C for 24 hours. 
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Paper-chromatographic analysis of the reaction 
mixture revealed that at)Out 90% of th rutin was 
converted Into alpha-glycosyl rutin. 

Thereafter, the reaction mixture was concen- 
trated In vacuo to distill out the ethanol. heated to 
inactivi^ the remaining enzyme and filtered, after 
which the filtrate was applied to a column of 
"Amt)erlite XAD-7", a synthetic macroreticular resin 
commercialized by Rohm & Haas Co., Philadelphia, 
USA, at a flow rate of SV 1.5. 

As the result, the resin adsort)ed the alpha- 
glycosyl rutin and remaining rutin both present in 
the reaction mixture, while dextrin, oligosaccharides 
and salts flew out through the column without caus- 
ing adsorption. 

The column was then washed with water and 
applied with 50 v/v % aqueous ethanol to elute the 
alpha-glycosyl rutin and remaining rutin which were 
tifien concentrated and pulverized to obtain an 
alpha-glycosyl rutin powder in the yield of about 
140% against tfie weight of the starting rutin, d.s.b. 

The product is favorably usable as a highly- 
safe, natural yellow coloring agent, antioxidant, sta- 
bilizer, fading-preventing agent quality-improving 
agent, preventive, remedy and uv-al>sori3ent in 
foods, beverages, tobaccos, cigarets. feeds, pet 
foods, pharmaceuticals for susceptive diseases, 
cosmetics and plastics, in addition to the use in an 
agent directed to enrich a readily water-soluble 
vitamin P. 



Example A-9 



Alpha-glycosyl rutin 

One part by weight of rutin was dissolved in 5 
parts by weight of 60 v/v % aqueous ethanol by 
heating, and the resultant solution was mixed with 
anottier solution which had been separately pre- 
pared by dissolving 20 parts by weight of dextrin 
(DE 30) in 27 parts by weight of water by heating. 
The mixture was added with 8 parts by weight of 
an alpha-glucosidase specimen obt^ned by the 
method in Example A-5(1), and allowed to react at 
40* C for 40 hours while keeping the mixtore at pH 
5.3. 

Paper-chromatographic analysis of the reaction 
mixtore revealed that about 60% of the mtin was 
converted into alpha-glycosyl rutin. 

Thereafter, the reaction mixtore was concen- 
trated in vacuo to distill out the etiianol. purified, 
concen^ted and pulverized similarty as in Exam- 
ple A-8 to obtain an alpha-glycosyl nitin powder in 
the yield of about 110% against tiie weight of tiie 
starting rutin, d.si>. 

Similariv as tti product in Example A-8, the 



product is feasible as a highly-^, natoral yellow 
coloring agent antioxidant stabilizer, fading-pre- 
venting agent quality-improving agent preventive, 
remedy and uv-at)sorbent in various uses, in addi- 
5 tion to the use in an agent directed to enrich a 
readily water-soluble vitamin P. 



Example A-10 

10 

Alpha-glycosyl mtin 

One part by w^ght of an alpha-glycosyl mtin 
15 symp additionally containing amylaceous sub- 
stances, prepared by the method in Example A-6 
with a slight modification, was dissolved in 4 parts 
by weight of water, added with 100 units/g symp 
solid of beta-amylase (EC 32.12) commercialized 
20 by Toyobo Co., Ltd., Osaka. Japan, and allowed to 
react at 50* C for 5 hours. 

Paper-chromatographic analysis of the reaction 
mixtore revealed tfiat tiie alpha^lycosyl mtin was 
converted into an alpha-glycosyl rutin mainly com- 
25 posed of alpha-glucosyl rutin and alpha-maHosyl 
rutin. 

Thereafter, the reaction mixtore was heated to 
inactivate the remaining enzyme and filtered, after 
which ttie filtrale was applied to a column of "HP- 

30 10", a synttietic macroreticular resin commercial- 
ized by Mit5ut>ishl Chemical Industries, Ltd.. Toky , 
Japan, at a flow rate of SV 2. As the result the 
resin adsori^ ttie alpha-glycosyl rutin and remain- 
ing mtin both present in ttie reaction mixtore, while 

36 the maltose, oligosaccharides, glucose and salte 
flew out through the column without causing ad- 
sorption. The column was then washed witti water 
and applied with an aqueous ethanol having a 
stepwisely increasing concentration to obtain firac- 

40 tions rich In alpha-glycosyl rutin which were then 
concentrated in vacuo and pulverized to obtain an 
alpha-glycosyFrutin powder in the yield of about 
85% against the weight of the starting rutin. d.s.b. 
Glucoamylase hydrolyzed tiie alpha-glycosyl 

45 mtin into alpha-glucosyl mtin and D-glucose, whil 
an alpha-glucosidase, prepared by tiie extraction 
from pig liver and partial purification, hydrolyzed 
the alpha-glycosyl rutin into mtin and I>glucose. 
The product is favorably usabte as a yeltow 

50 coloring agent, antioxidant stabilizer, fading-pre- 
venting agent quality-improving agent preventive, 
remedy and uv-absort)ent in foods, beverages, to- 
baccos, dgarets, feeds, pet foods, pharmaceuticals 
for susceptive diseases, cosmetics and plastics, in 

55 addition to tiie use in an ag nt directed to enrich a 
highly-purified, readily water-soluble vitamin P. 
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Example B*1 



Hard candy 

FifteCT hundred parts by weight of "MABIT®", 
a hydrogenated maltose syrup commercialized by 
Hayashibara Shoji. Inc.. Okayama. Japan, was 
heated, concentrated to a moisture content below 
about 2%, and mixed to homogeneity with 15 parts 
by weight of dtric acid. 1 part by weight of an 
alpha-gtycosyl rutin powder obtsuned by the meth- 
od in Example Ar3 and a small amount of lemon 
flavor, after which the mixture was molded and 
packaged in usual manner to obtain a hard candy. 

The product Is a yellow cotored. vitamin P- 
enriched, low-cariogenic and low-caloric lemon 
candy. 



Example B-2 

■Fuki-no-ml2uni (Boiled bog rttubarb)" 

Fresh bog rhubargs were pared, cut into short 
sticks, soaked in a diluted saline, and t)oiled down 
in a liquid containing an alpha-glycosyl rutin syrup 
obtained by the method in Example A-1 and "Aoiro 
Ichi-go (Blue No.l)", a green coloring agent, to 
btain a freshly green '*fuki-no-mizuni)*'. 

The product pleases the eyes when arranged 
in Japanese traditional cuisines, as well as exhibit- 
ing physiok)gical activity as a dietary fiber. 



Example B-3 



"Gyuhi (starch paste)" 

One part by weight of waxy rice starch was 
mixed with 1.2 parts by weight of water, and the 
mixture was mixed to homogeneity with 1.5 parts 
by weight of sucrose, 0.7 parts by weight of 
"SUNMALTd", a crystalline beta-maltose commer- 
cialized by Hayashibara CX>., Ud^ Okayama. Japan, 
0.3 parts by weight of starch syrup and 0.2 parts 
by weight of an alpha-glycosyl syrup obtained by 
the method In Bomple A-6 while gelatinizing by 
heating, molded and packaged in usual manner to 
obtain "gyuhi". 

The product is a Japanese-style confectionery 
which tooks fike "Wbi-dango (millet dumpling)", and 
is xcellent in flavor and biting properties. 



Examole B-4 



Mixed sweetener 

A mixed sweetener was obtained by mixing 
100 parts by weight of honey. 50 parts by weight 
5 of isomerized sugar, 2 parts by weight of "kurozato 
(unrefined sugar)" and 1 part by weight of an 
alpha-glycosyl rutin powder obtained by the metli- 
od in Example A-9. 

The product is a vitamin P-enriched sweetener, 
10 and suitable for health food. 



Example B-5 

Cream filling 

A cream filling was obtained by mixing in usual 
manner 1200 parts by weight of "RNETOSE®". a 

20 crystalline alpha-maltose commercialized by 
Hayashibara Co., Ltd., Okayama, Japan, 1.000 
parts by weight of shortening, 10 parts by weight of 
an alpha-glycosyl rutin powder obtained by the 
method in Example A-8, 1 part by weight of 

25 lecithin, 1 part by weight of lemon oil and 1 part by 
weight of vanilla oil to homogeneity. 

The product is a yellow colored, vitamin P- 
enriched cream filling which is excellent In taste, 
flavor, melting and biting properties, and is preven- 
tive to the oxidation of the fatty ingredients. 



Example B-6 

Orange juice 

Fifty parts by weight of a fresh orange juice. 
0,1 part of citric add. 5 parts by weight of sucrose, 

40 0.5 parts by weight of an alpha^lycosyl rutin pow- 
der obtained by tiie method in Example A-5, 0.1 
part by weight of L-ascorbtc add (vitamin C). flavor 
and 46 parts by weight of water were mixed, and 
the mixture was distributed in vessels and pasteur- 

45 ized in usual manner to obtained the captioned 
product 

The product is a vitamin P- and vitamin C- 
enriched orange juice excellent in color, taste and 
flavor. 

50 

ExampI B-7 



55 Tablet 

Twenty parts by weight of ascorbic add was 
mixed to homogeneity with 13 parts by w ight of 
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crystalline beta-maltose. 4 parts by weight of corn- 
starch and 3 parts by weight of an alpha-glucosyl 
rutin obtained by the method in Example A-7, and 
the resultant was tabletted with a 20R punch, diam- 
eter of 12mm. 

The product is an easily swallowable vitamin 
composition containing ascorbic add and alpha- 
glucosyl rutin, wherein the ascori:>ic add is ex- 
cellently stable. 



Example B-8 



Capsule 

Ten parts by weight of caldum acetate mon- 
ohydrate, 50 parts by weight of magnesium L- 
lactate trihydrate, 57 parts by weight of maltose, 20 
parts by weight of an alpha-giucosyl njtin powder 
obtained by the method in Example A-2, 12 parts 
by weight of a gamma-cyciodextrin indusion com- 
pound containing 20% eicosapentaenolc add were 
mixed to homogeneity, and the mixture was fed to 
a granulator and encapsulated in gelatine to obtain 
capsules. ISOmg each. 

The product is preventive to the oxidation of 
the eicosapentaenolc add, and favorably usable as 
a high-quality blood cholesterol lowering agent, Im- 
munopotentiator and skin-refining agent in preven- 
tive and remedy for susceptive diseases, as well as 
in foodstuffs directed to the maintenance and pro- 
motion of health. 



Example B-9 



Ointment 

One part by weight of sodium acetate trihy- 
drate. 4 parts by weight of DL-caldum lactate and 
10 parts by weight of glycerine were mixed to 
homogeneity, and the mixtuie was added to an- 
other mixture of 50 parts by weight of vaseline, 10 
parts by weight of vegetable wax. 10 parts by 
weight of lanolin, 14.5 parts by weight of sesame 
oil, 1 part by weight of an alpha-glycosyl rutin 
powder obtained by the method in Example A-4 
and 0.5 parts by w ight of peppermint oil. and 
mixed to homogeneity to obtain an ointment 

The product is antioxidative. highly stable, and 
favorably usable as a high-quality sun-screening, 
skin-refining agent, sWn-whrtening agent and pro- 
moter for healing injury and bum. 



pyamnlA B-10 



Injection 

An alpha-glucosyl rutin powder obtained by the 
method in Example A-7 was dissolved in water. 

5 arxl sterileiy filtered in usual manner to obtain a 
pyroger^free solution which was then distritnited to 
20ml glass vials to give an alpha-glucosyl rutin 
content of 200mg, dried in vacuo and sealed to 
obtained the captioned product 

10 The product is intramuscularly and intravenous- 
ly administrable alor^ or in combination with vita- 
mins and minerals. The product requires no cold 
storage, and exhibits an excellentiy high solubility 
in saline when in use. 

IS Besides supplementing vitamin P, the product 
functions as an antioxidant to remove activated 
oxygen and suppress the fonnation of lipoperox- 
ides. therefore is favorably usable in preventive and 
remedy for various diseases Including viral dis- 

20 eases, t>acterial diseases, drculatory diseases and 
malignant tumors. 

Example B-11 

25 

Injection 

Six parts by weight of sodium chloride, 0.3 

30 parts by weight of potassium chloride, 0.2 parts by 
weight of caldum chloride, 3.1 parts by weight of 
sodium lactate. 45 parts by weight of maltose and 
2 parts of an alpha-glucosyl rutin powder obtained 
by ttie mettuxl in Example A-2 were dissolved in 

35 1,000 parts by weight of water, and sterileiy filtered 
in usual manner, after which 250ml allquots of ttie 
pyrogen-free sdution were distributed to sterilized 
plastic vessels to obtsun the captioned product. 
The product supplements, in addition to vita- 

40 min P. calorie and minerals, ttierefbre is suitable for 
injection directed to remove activated oxygen and 
to suppress tiie formation of lipoperoxides. Thus, 
the product is favorably usable in preventive and 
remedy for various diseases including viral dis- 

45 eases, bacterial diseases, drculatory diseases and 
malignant tumors, as well as in the restoration of 
heaKh during and before suffering from diseases. 



50 Example B-12 



intubation nutrient 

55 Twenty four gram aliquots of a composition 
consisting of 20 parts by weight of crystalline 
alpha-maltose, 1.1 parts by weight of glydn , 0,18 
parts by weight of sodium glutamate, 1.2 parts by 
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weight of sodium chloride. 1 part by weight of dtric 
add. 0.4 parts by weight of caldum lactate, 0.1 
part by weight of magnesium carbonate, 0.1 part 
by weight of an alpha-glycosyi rutin powder ob- 
tained by the method in Bcample A-8, 0.01 part by 
weight of thyamine and 0.01 part by weight of 
riboflavin were packed in laminated aluminum 
bags, and heat-sealed to d>tain the captioned 
product 

In use. one bag of the product is dissolved in 
about 300-500ml of water, and the solution is fevor- 
ably usable as an intut)ation nutrient directed to 
oral and parenteral administration to the nasal cav- 
ity, stomach and intestine. 



Example B-13 



Bath liquid 

A bath liquid was obtained by mixing 21 parts 
of DL-sodium lactate. 8 parts by weight of sodium 
pyruvate, 5 parts by weight of an alpha-glycosyl 
rutin syrup obtained by the method in Example A-1 
and 40 parts by weight of ethanol with 26 parts by 
eight of refined water and appropriate amounts of 
coloring agent and flavoring agent 

The product is suitable for skin-refining agent 
and skin-whitening agent and is diluted by 100- 
10,000-folds in bath water when in use. The prod- 
uct is favorably usable as deansing liquid, astrin- 
gent and moisture liquid. 



Example B-14 



Milky lotion 

One half part by weight of polyoxyethylene 
behenyl ether. 1 part by weight of polyoxyethylene 
sorbitol tetraoleate. 1 part by weight of oil-soluble 
glyceryl monostearate. 0.5 parts by weight of 
pyruvic add, 0.5 parts by weight of behenyl al- 
cohol. 1 part by weight of avocado oil. 1 part by 
weight of an alpha-glycosyl rutin powder obtained 
by the method in Example A-3 and appropriate 
amounts of vitamin E and antiseptic were dissolved 
by heating in usual manner, and the solution was 
added with 1 part by weight of L-sodium lactate, 5 
parts by weight of 1.3-butylene glycol. 0.1 part by 
weight of caotx)xyvinyl polymer and 85.3 parts by 
weight of refined water, emulsified with a homogen- 
izer. added with an appropriate amount of flavoring 
agent and mixed by stirring to obtained the cap- 
tioned product 

The product is antioxidativ . highly stable and 



favorably usable as a high-quality sun-screening, 
skin-refining agent and skin-whitening agent 



5 Example B-15 



Cosmetic cream 

10 Two parts by weight of polyoxyethylene glycol 
monostearate. 5 parts by weight of self-emulsifying 
glycerine monostearate. 2 parts by weight of an 
alpha-glucosyl rutin powder obtained by the meth- 
od in Example A-2. 1 part by weight of liquid 

75 paraffin. 10 parts by weight of glyceryl triactanate 
and an appropriate amount of antiseptic were dis- 
solved by heating in usual manner, and the mixture 
was added with 2 parts by weight of L-iactic add. 5 
parts by weight of 1 ,3-butylene glycol and 66 parts 

20 by weight of refined water, emulsified with a ho- 
mogenizer. added with an appropriate amount of 
flavoring agent and mixed by stining to obtained 
the captioned product 

The product is antioxidative. highly stable and 

25 favorably usable as a high-quality santan cream, 
skin-refining agent and skin-whitening agent 



Example B-16 

30 

Antioxidant 

An antioxidant was prepared by mixing 10 
35 parts by weight of an alpha-glycosyl rutin powder 
obtained by the method in Example A-10. 2 parts 
by weight of vitamin 0.1 part by weight of 
ledthin and 0.5 parts by weight of sodium citrate 
were mixed to homogeneity. 
40 The product is favorably usable as an antiox- 
idant, stabilizer and quality-improving agent in fatty 
food substances such as margarine and butter 
cream, pharmaceuticals for susceptive diseases 
such as unsaturated fatty acids, oil-soluble vitamin 
45 and dhsoluble hormones, and cosmetics such as 
cream lotion and cosmetic cream by incorporating 
thereto in an amount of about 0.01-5.0 w/w %. 



5a Example B-17 



Antioxidant 

55 An antioxidant was prepared by mixing to ho- 
mogeneity 10 parts by weight of an alpha-glucosyl 
nxtin powder obt^ned by the method in ExampI 
A-2 and 0.2 parts by weight of sodium citrate. 
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The product is favorably usable as an antiox- 
idant, stabilizer and qualrty-improving agent in fatty 
food substances such as margarine and butter 
cream, phanmaceuticals for alpha-glycosyl rutin- 
susceptive diseases such as unsaturated fatty ac- 
ids, oil-soluble vitamin and oil-soluble hormones, 
and cosmetics such as cream lotion and cosmetic 
cream by incorporating thereinto in an amount 
about 0.01-5.0 w/w %. Furthermore, flie product is 
favorably usable as antioxidant, stabilizer, fading- 
preventing agent and quality-improving agent in 
foods and beverages containing a readily-fading 
natural pigment by incorporating thereinto in an 
amount of about 0.01-2.0 wA¥ %. 

As described above, the present invention is 
based on tiie finding that In the preparation of 
alpha-glycosyl rutin tiie initial concentration for nitin 
can be increased to ahoxst 5-fblds or more, desir- 
ably, about 10-200-foids of ttiat attainable by con- 
ventional method by allowing a saccharide-transfer- 
rfng enzyme to act on a high-rutin content liquid 
which contains a high-concentration rutin togetiier 
witti an amylaceous substance, desirably, on a 
high-rutin content suspension or a high-rutin con- 
tent solution which is obtainable by dissolving rutin 
at an alkaline pH or dissolving rutin in an organic 
solvent Thus, alpha-glycosyl rutin is readily formed 
at a high concentration. 

Furthermore, we found that an alpha-glycosyl 
rutin comprising alpha-glucosyl rutin and/or alpha- 
maltosyl rutin Is obtainable by first allowing a 
saccharide-transfening enzyme to a solution con- 
taining rutin together with an amylaceous sub- 
stance, then allowing an amylase to act of the 
resultant mixture. 

We also found that tiie alpha-glycosyl rutin 
present in a reaction mixture can be purified by 
allowing the mixture to contact with a synthetic 
macroreticular resin. Particulariy in case that the 
reaction mixture contain an organic solvent, the 
alpha-glycosyl mtin can be purified similarly as 
above by first decreasing the concentration of the 
organic solvent, then allowing the reaction mixture 
to contact wtth a synthetic macroreticular resin. 

These extremely reduce and save the water 
and energy and energy in the reaction and purifica- 
tion processes for alpha-glycosyl rutin, and ex- 
tremely facilitate its commercialization. 

The alpha-glycosyl rutin obtained in this way is 
characterized in that it is excellentiy high In water- 
solubility, light-resistance and stability, and is 
hydrolyzable by tiie in vivo enzyme system into 
rutin and glucose to eMbrt the physiological prop- 
erties inherent to rutin. Because of these, the 
alpha-glycosyl rutin is favorably usable as a yellow 
coloring agent, antioxidant, stabilizer, fade-prevent- 
ing agent quality-improving agent, preventive, rem- 
Ariv. ijv-at)sorbdnt and deterioration-oreventino 



agent in foods, beverages, tobaccos, cigarets, 
feeds, pet foods, pharmaceuticals for susceptive 
diseases, cosmeti'cs including skin-refining agent 
melanin formation-suppressing agent and skin-whit- 
5 ening agent and plastics, in addition to the use in 
an agent directed to enrich a highly-safe, natural 
vitamin P. 

Accordingly, the present invention is extremely 
significant in food, beverage, cosmetic, pharmaceu- 
70 tical and plastic industries in view of the establish- 
ment of industrial-scale production and practical 
uses for alpha-glycosyl rutin. 

75 Claims 

1. A process for preparing alpha-glycosyl rutin, 
comprising: 

allowing a saccharide-transfening enzyme to act on 
20 a high-mtin content liquid which contains a high- 
concentration of rutin together with an amylaceous 
substance to form an alpha-glycosyl rutin; and 
recovering the alpha-glycosyl rutin. 

2. A process as claimed in claim 1. wherein the 
25 concentration of said rutin is at least 0.5 wAf%. 

3. A process as claimed in daim 1 or claim 2, 
wherein said high-concentration of rutin is in sus- 
pension. 

4. A process as claimed in claim 1 or claim 2. 
30 v^erein said high-concentration of rutin is a solu- 
tion which is obtainable by dissoh/ing rutin at an 
alkaline pH; or by dissolving rutin in an aqueous 
organic solvent 

5. A process as claimed in claim 1 or claim 2 
35 wherein tiie high-rutin content liquid comprises an 

aqueous solution which includes an organic sol- 
vent which process further comprises: 
decreasing the concentration of the organic solvent 
purifying the alpha-glycosyl rutin by allowing th 
40 aqueous solution to contact with a synthetic macro- 
reticular resin; and 
recovering the alpha-glycosyl rutin. 

6. A process as claimed In claim 1 or claim 2. 
which comprises: 

45 allowing a saccharide transferring enzyme to act on 
a solution containing rutin together wifli an 
amylaceous sut)stance; 

allowing an amylase to act on the resultant mixture 
to form alpha-glycosyl rutin and/or alpha-maltosyl 
50 rutin; and 

recovering the alpha-glycosyl rutin and/or alpha- 
maltosyl rutin. 

7. A process as claimed in claim 1 or daim 2, 
which comprises; 

55 allowing a saccharide-transfening enzyme to act on 
a solution containing rutin together with an 
amylaceous substance; 

allowing an amylase to act on ttie resultant mixture 
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to form alpha-glucosyl rutin and/or alpha-maHosyl 
rutin; 

purifying the resultant mixture solution by allowing 
it to contact with a synthetic macroreticular resin; 
and 

recovering the alpha-glucosyl rutin and/or alpha- 
maltosyl rutin. 

& A prooess as claimed in any one of the 
preceding claims, wherein said saccharide-transfer- 
ring enzyrrte is a member selected from the group 
con^sting of alpha-glucosldas6t cyclomaltodextrin 
glucanotransferase, and aipha-amylase. 

9. A process as claimed in any one of the 
preceding d^ms. wherein said amylaceous sub- 
stance is a member selected from the group con- 
sisting of maltooligosaccharide, partial starch 
hydrolysate. liquefied starch, and gelatinized 
starch. 

10. A process as claimed In any one of the 
preceding claims, wherein the concentration of 
mtin is about 0.5-50-tolds higher than that of the 
amylaceous substance. 

11. A process as claimed in any one of the 
preceding cl^ms, wherein said saccharide^transfer- 
ring enzyme is allowed to act on the high-rutin 
content liquid at a pH in the range of 3-10 and a 
temperature in the range of 10-90* C. 

12. A process as claimed in one of claim 1 to 
5, wherein said alpha-glycosyl rutin is an alpha- 
glucosyl rutin. 

13. A process as claimed in claim 5. wherein 
said organic solvent is a water-misdble organic 
solvent 

14. A process for preparing a food or a bev- 
erage, comprising: 

allowing a saccaride-transfening enzyme to act on 
a high-rutin content liquid which contains a high- 
concentrated rutin t0£^ttier witti an amylaceous 
substance to fbnm an alpha-glycosyl rutin; 
recovering tiie alpha-glycosyl rutin; and 
incorporating ttie alpharglycosyl rutin In the food or 
beverage. 

15. A process as claimed in claim 14, wherein 
tfie alpfia-glycosyl rutin Is incorporated in an 
amount at least 0.001 w/w%. 

16. A process as claimed in daim 14 or claim 
15. wherein said alpharglycosyl rutin is an alpha- 
glucosyl rutin. 

17. A process for preparing pharmaceuticals 
for susceptive diseases, comprising: 

allowing a saccharide-transferring enzyme to act on 
a high-rutin content liquid which contains a high- 
concentration rutin together witti an amylaceous 
substance to form an alpha^lycosyl rutin; 
recovering the alpha-glycosyl rutin; and 
incorporating the alpha-glycosyl rutin as the effec- 
tive ingredient 

1ft. A omcess as claimed in daim 17. wherein 



said alpha-glycosyl njtin Is an alpha-glucosyl rutin. 

19. A process for preparing cosmetics, com- 
prising: 

allowing a saccharide-transferring enzyme to act on 
5 a high-rutin content liquid which contains a high- 
concentration rutin togettier witii an amylaceous 
substance to form an alpha-glycosyl rutin; 
recovering the alpha-glycosyl rutin; and 
incorporating the alpha-glycosyl rutin as the effec- 
10 tive ingredient 

20. A process as daimed in claim 19, wherein 
said alpha-glycosyl rutin is incorporated in an 
amount at least 0.001 w/w%. 

21. A process as claimed in daim 19 or claim 
15 20. wherein said alpha-glycosyl rutin is an alpha- 
glucosyl rutin. 

22. A process for preparing an antioxidant 
comprising: 

incorporating an alpha-glycosyl rutin as the effec- 
20 tive ingredient 

23. A process as claimed in daim 22. wherein 
said alpha-glycosyl rutin is an alpha-glucosyl rutin. 
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